M
arked and sustained reductions in AIDS-related death and opportunistic disease have been observed as a consequence of the extensive use of highly active antiretroviral therapy (HAART) since 1996 in the United States and Europe. 1Y7 These benefits have been observed across diverse patient populations and have resulted in prolonged disease-free survival, durable HIV virologic suppression, immunologic (CD4 cell) repletion, and reductions in hospitalization rates. 8 During this time, new morbidities have been observed among HAART-treated persons that have been variably ascribed to specific antiretroviral therapy (ART) received 9, 10 and to factors other than treatment such as stage of underlying HIV disease, baseline host (patient age, race, and sex), and other factors. 11, 12 Although AIDS-related death and opportunistic disease rates have remained low, increased attention has been paid to the treatment and consequences of important comorbidities such as lipoatrophy, lipoaccumulation, insulin resistance with consequent hyperglycemia, hyperlipidemia, cardiovascular disease, osteopenia, and, less commonly, symptomatic hyperlactatemia. 11Y18 Another consequence of improved long-term management of HIV infection has been recognition of the increased importance of providing effective treatment of chronic coinfections such as hepatitis B and C.
19Y21
Detailed descriptions of the spectrum of illnesses encountered among HAART-treated persons whose HIV infection is under control and of the conditions that are likely to result in death in such persons are lacking, although there are some reports profiling causes of death among person-with-AIDS diagnoses early in the HAART era, 22 among non-US populations that were less extensively HAART-treated, 23, 24 and among women only. 25 We sought to evaluate the most recent trends in mortality and morbidity among mostly HAARTtreated persons in the HIV Outpatient Study (HOPS), a large geographically and ethnically diverse cohort of HIV-infected persons in the United States. We present data profiling rates and causes of death and disease (both opportunistic and nonopportunistic) over time among HOPS participants treated since 1996.
METHODS

The HIV Outpatient Study
The HOPS is an ongoing prospective observational cohort study into which patients have been continuously recruited and followed since 1993. 26 Study sites are 12 clinics (7 university, 3 public, and 2 private) in 10 US cities that provide care for about 3000 HIV-infected patients per year. More than 8000 HOPS patients have been seen in more than 30,000 person-years of observation since 1993. All HOPS clinicians have extensive experience treating HIV-infected patients. Information is abstracted from outpatient charts at each visit and entered electronically by trained staff, compiled centrally, then reviewed and edited before being analyzed. Information abstracted includes demographic characteristics and risk factors for HIV infection, symptoms, diagnosed diseases (both definitive and presumptive), medications prescribed, including dose and duration, and laboratory values, including CD4 cell counts and measurements of plasma HIV-1 RNA (viral load).
Since 2000, HOPS sites have used a standardized mortality data entry template designed to capture patient information near the time of death, including primary, secondary, and contributing causes of death, hospitalization chart information, and antiretroviral drug use. This mortality data template was used to collect information for deaths that occurred from January 1, 1996, to the end of the observation period (December 31, 2004) analyzed. As sites identified and recorded known deaths among their HIV-infected patient population, trained data abstractors completed the mortality form using data available from sources, including one or more of the following: death certificates, medical charts, discharge summaries, autopsy reports, and direct discussion with clinicians who had cared for the deceased. Whenever possible, any additional information available from clinicians (physicians and nurses) involved with the care of the deceased was used.
Selection of Patients for Analysis
We analyzed data from 6945 participants in the HOPS who were seen at least twice from January 1, 1996, to December 31, 2004 , using HOPS data updated as of December 31, 2005 . Data were censored at the end of 2004 to allow adequate time for data entry lag that occurs in the identification and documentation of deaths. End of follow-up was defined as the date of first occurrence of the following: (1) last patient contact (physician/clinic visit, hospitalization, home nursing visit, or telephone contact) plus 180 days, (2) date of death, or (3) December 31, 2004 . Only deaths that occurred during follow-up were included in this analysis.
Analysis
We calculated the annual number of deaths per 100 person-years between 1996 and 2004. Up to 5 primary and secondary causes of death could be entered for each patient, and all documented death causes were analyzed. Causes of death that were nonYAIDS-defining illnesses (NADIs) were classified by the first author into the following disease categories for analysis: bacteremia/sepsis, central nervous system disorders, pulmonary diseases, hepatic diseases, renal diseases, cardiovascular diseases, gastrointestinal diseases, and nonopportunistic malignancies. We calculated annual death rates that involved at least one of these disease categories and annual death rates involving AIDS.
We also evaluated HAART use over time in relation to death rates. The HAART definition used for this analysis included antiretroviral regimens that fell into one of the following categories: (a) 3 antiretrovirals, one of which was either a protease inhibitor (PI) or a nonnucleoside reversetransciptase inhibitor; (b) 3 nucleoside reverse-transciptase inhibitors, one of which was abacavir or tenofovir (TDF) (except for the regimens abacavir + TDF + lamivudine (3TC) and didanosine + TDF + 3TC; (c) 2 full-dose PIs; and (d) a boosted PI with an nonnucleoside reverse-transciptase inhibitor.
We evaluated CD4 cell counts within 6 months of death by year of death, by duration of time spent receiving HAART, and by CD4 cell count at HAART initiation, all stratified by cause of death. If a patient's ART discontinuation date was not known at the time of death, this date was imputed to be 90 days after the last visit with a HOPS clinician.
All analyses were done using a standard statistical package (SAS version 8.2, SAS Institute, Cary, NC). Tests for trend in death rates were done using log-linear modeling of death rates over time assuming a Poisson distribution where rates were calculated based upon numbers of deaths divided by 100 person-years. 27 Tests for trend by age over time were done using general linear modeling. Reported P values are not adjusted for multiple comparisons. Characterization of those who died by age, sex, race, HIV risk, and insurance status (Table 1 ) revealed that death rates dropped for all groups of patients. However, death rates were higher among African Americans, those who were publicly insured, and those with a history of injection drug use. Median age at death increased from 39 years in 1996 to 49 years in 2004 (P G 0.001), as did the median age of HOPS participants overall (from 38 to 44 years), although not as steeply.
We were able to obtain at least one primary and/or secondary cause of death for 554 (79%) of the 702 deaths. We compared patients for whom causes of death were known versus not known. We found no significant differences with respect to sex, age, HIV risk behavior, months of HAART use, CD4 cell counts, or plasma HIV viral loads within 6 months of death. Persons for whom no cause of death information was available were more likely to be African American (P = 0.011), have public insurance (P = 0.011), and have had shorter lengths of follow-up (P = 0.0009) than those for whom cause of death information was known. Deaths for which AIDS-related causes were included among reported death causes decreased from 3.79 per 100 person-years in 1996 to 0.32 per 100 person-years in 2004 (Table 2A) . Deaths for which no primary or secondary causes were available also significantly decreased over time from 2.28 per 100 person-years to 0.42 per 100 person-years (P G 0.0001). We observed significant reductions over time in deaths for which neurologic, cardiovascular, and pulmonary disorders were cited as death causes with or without a concurrent opportunistic infection (Table 2A) Evaluation of cause-specific deaths as a proportion of all deaths in a given year (Table 2B ) revealed decreases over time in the proportion of deaths due to AIDS (P = 0.008) and unknown causes (P = 0.021), with concomitant increases in the proportion of deaths associated exclusively with NADIs from 13.1% in 1996 to 42.5% in 2004 (P G 0.001). More specifically, proportional increases in deaths caused by bacteremia/sepsis, gastrointestinal disease, hepatic disease, non-AIDS malignancies, and renal disease were observed. When specific NADI death causes were evaluated as a proportion of deaths for which only NADI causes were documented, we noted no significant trends except for a decrease in pulmonary illnessYrelated deaths, decreasing from 40% in 1996 to 23 Complete ART history was known for 569 (81%) of the 702 deaths. CD4 cell counts at time of HAART initiation and overall HAART use duration were significantly associated with cause of death category (AIDS-vs NADI-associated cause of death; Table 3 ). Among exclusively NADIassociated deaths, 34.7% had received HAART for 4 or more years compared with 16.8% of patients dying with AIDS-related diseases (overall P G 0.0001). CD4 cell count measurements documented within 6 months before HAART initiation were available for 334 of the deceased. Evaluation of these revealed that 22.4% of patients dying of NADI causes versus 7.8% of patients dying of AIDS-related illness initiated HAART with CD4 more than 350 cells/KL (P = 0.001). Patients who died exclusively from NADI causes were also more likely to have been receiving ART at the time of death (51.8%) compared with 40.4% of patients with AIDS death causes (P = 0.015). However, knowledge of ART receipt status at the time of death was known for more persons with exclusively NADI causes of death than those with AIDS-related death causes.
DISCUSSION
Our review of causes of death among a large and demographically diverse population of HIV-infected persons in the post-HAART era revealed several major findings. First, while overall death rates remained quite low through the ninth year of highly prevalent HAART use in the HOPS, the annual percentage of deaths with at least one non-AIDS cause of death increased progressively over time, accounting for well over half of all deaths by the end of 2004. During the period 2000 to 2004, non-AIDS death causes prominently included hepatic, pulmonary, and cardiovascular illnesses. Compared with persons dying from AIDS-related conditions, persons with exclusively non-AIDS death causes initiated ART at higher CD4 cell counts, were more HAART experienced, and were more likely to have received HAART near the time of death. Consonant with these findings, mean CD4 cell counts proximal to the time of death and age at death increased significantly over time. Long-term HIV suppression, CD4 cell count stability or improvement, and clinical benefits provided by ART increasingly allowed HOPS participants to avoid AIDS-defining illnesses and delay death even if they had a history of a prior AIDS-defining illness. As a result, more prolonged survival allowed chronic underlying comorbid conditions or risks for such conditions to become more clinically relevant, particularly liver disease (especially chronic coinfection with viral hepatitis), hypertension, diabetes, cardiovascular illness, pulmonary disease, and non-AIDS malignancies.
HIV treatments themselves may have resulted in conditions that contributed to an increased likelihood of certain deaths. Our data can be interpreted to imply that the increased proportion of nonYAIDS-related causes of death (from multiple illness categories) can be attributed to longer ART treatment (eg, PI use and myocardial infarctions as seen in this cohort), 13 but those with longer ART treatment histories also were living longer with comorbid illnesses and chronic risks for illnesses other than AIDS. Likewise, recent reports from this cohort and others demonstrate mortality benefits of initiating ART earlier in the course of HIV infection (ie, at higher CD4 cell counts) 28 and the survival benefits of maintaining continuous HAART even when higher CD4 cell counts have been achieved. 29 Thus, while appreciating the shift in spectrum of illnesses contributing to death among those living longer in the HAART era, it is important to emphasize that any contributions of ART to the risk for NADIs are clearly outweighed by the benefits consequent to HAART's use in reducing overall mortality and AIDS-related morbidity. These benefits are dramatic, durable, and unequivocal.
1Y7
It is also possible that HAART-associated immune reconstitution may have increased the risk for NADIs via chronic immune activation and upregulation of proinflammatory cytokines. This has been suggested in recent analyses from this cohort and others profiling increased rates of specific non-AIDS-related morbidities.
30Y32
Given that our findings show increasing mean CD4 values at death among HIV-infected HAART-treated persons, are CD4 cell counts losing their predictive value in the assessment of death risk in this population? Although this seems to be true for both those dying with or those dying without AIDS-defining illnesses, it needs to be interpreted in light of our central findingsVthat AIDS-associated death rates remained durably low among HAART-treated persons, and such deaths are increasingly likely to occur as a consequence of NADIs, particularly among persons with higher CD4 cell counts and those who were receiving HAART near the time of death. There was no evidence that AIDSassociated opportunistic diseases occurred and contributed to death despite increasing CD4 counts (particularly among those with CD4 counts approximately 9150 cells/KL) nearest to time of death, nor that there was an overt dissociation between CD4 counts and opportunistic infection risk. However, we did not undertake a formal predictor analysis to assess the ability of CD4 cell counts measured near the time of death to predict death risk. This has been done in other studies. 33 There are unavoidable limitations in an analysis of an observational cohort of HIV-infected ambulatory outpatients. First, we lack a readily available age-and risk-matched HIVseronegative population to whom we can easily compare our death rates from nonYAIDS-related illnesses. As successfully treated HIV patients survive longer with higher CD4 cell counts, it is reasonable to anticipate that their diseases will more closely resemble those of comparable nonYHIVinfected persons. Second, the HOPS is a dynamic cohort in which all patients are not necessarily followed continuously throughout the course of their HIV infection (ie, patients may enter or leave the cohort any time during the observation period). However, we believe that a major strength of this analysis is that it profiles mortality rates and causes among a heterogeneous and representative group of HIV-infected persons who received care from their own HIV clinicians. Third, discernment of precise causes of death is always a challenge. We gathered cause of death information from meticulous review of medical records with input from clinicians caring for patients near the time of death. Moreover, the proportion of deaths for which there was no death cause information available decreased over time. Because many of the deceased died while hospitalized, and we were able to undertake systematic and careful review of inpatient as well as outpatient records, we may have better classification of death causes than other published reports. Short of the routine performance of autopsies, we believe we thoroughly accessed available clinical data from existing sources. Finally, some recent reports have discussed the role of more optimal medication adherence upon improved survival among HAART-treated persons with advanced HIV infection. 34 Although we did not have precise measurements of medication adherence for all of the deceased profiled in this report, a recent report from the HOPS suggests a very high rate of HAART medication adherence in our cohort. 35 In conclusion, in an era during which HIV-infected persons routinely live longer as a result of timely intervention with HAART, it is important for clinicians to be aware that other underlying, nontraditionally HIV-related conditions are ever more likely to figure prominently in the risk for death and disease. These conditions should be aggressively screened for, monitored, and treated. Chronic liver disease (especially in chronic viral hepatitisYcoinfected persons), cardiovascular and pulmonary disease, and non-AIDS malignancies loom particularly large among these nontraditionally HIV-related morbidities that usually require specific ongoing targeted therapy. Although HIV-infected persons are clearly living longer as a consequence of effective HAART, they may be dying earlier than those in the general population, albeit not from traditionally HIV-associated conditions. These observations underscore the need for improved vigilance on the part of clinicians in maintaining proactive and preventive medical care and routine screening for all HIV-infected persons receiving HAART.
